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ABSTRACT
We estimate the constraining power of J-PAS for parameters of an interacting dark energy
cosmology. The survey is expected to map several millions of luminous red galaxies, emission
line galaxies and quasars in an area of thousands of square degrees in the northern sky with
precise photometric redshift measurements. Forecasts for the DESI and Euclid surveys are
also evaluated and compared to J-PAS. With the Fisher matrix approach, we find that J-PAS
can place constraints on the interaction parameter comparable to those from DESI, with an
absolute uncertainty of about 0.02, when the interaction term is proportional to the dark matter
energy density, and almost as good, of about 0.01, when the interaction is proportional to
the dark energy density. For the equation of state of dark energy, the constraints from J-
PAS are slightly better in the two cases (uncertainties 0.04–0.05 against 0.05–0.07 around the
fiducial value −1). Both surveys stay behind Euclid but follow it closely, imposing comparable
constraints in all specific cases considered.
Key words: cosmology: theory – dark energy – methods: data analysis – surveys – large-scale
structure of Universe – cosmological parameters
1 INTRODUCTION
The lack of knowledge regarding the nature of the dark sector, es-
pecially the cosmic acceleration (Riess et al. 1998; Perlmutter et al.
1999), has led to a continuous endeavor to understand the origin of
such accelerated expansion and its dynamics. Several ongoing and
upcoming spectroscopic, photometric and radio surveys have been
proposed to address this problem, including DES (The Dark Energy
Survey Collaboration 2005), LSST (LSST Science Collaboration
et al. 2009), eBOSS (Dawson et al. 2016), DESI (DESI Collab-
oration et al. 2016), Euclid (Laureijs et al. 2011), BINGO (Battye
et al. 2012; Wuensche & the BINGO Collaboration 2018) and SKA
? E-mail: alencar@if.usp.br
(Maartens et al. 2015). Among them, the Javalambre-Physics of the
Accelerated Universe Astrophysical Survey (J-PAS, Benitez et al.
2009, 2014) is a multi narrow-band photometric survey which will
cover up to 8500 square degrees of the northern sky and measure
0.003 (1 + z) precision photometric redshifts for 9 × 107 luminous
red galaxies (LRG) and emission line galaxies (ELG) plus several
millions of quasars (QSO). In addition, it aims to detect and mea-
sure the mass of 7 × 105 galaxy clusters and groups, improving the
constrains on dark energy.
On the theoretical side, deviations from the Λ-Cold Dark Mat-
ter (ΛCDM) model have been proposed over the years, whose al-
ternatives to the cosmological constant include canonical and non-
canonical scalar fields (Peebles & Ratra 1988; Ratra & Peebles
1988; Frieman et al. 1992, 1995; Caldwell et al. 1998), holographic
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dark energy (Hsu 2004; Li 2004), vector fields (Armendariz-Picon
2004), metastable dark energy (Stojkovic et al. 2008), among oth-
ers. One interesting possibility to consider is when we allow an
exchange of energy-momentum between the two components of
the dark sector (Wetterich 1995; Amendola 2000). This mechanism
could be one reason why dark energy (DE) and dark matter (DM)
contribute to the present Universe with comparable energy densi-
ties, alleviating the coincidence problem (Zimdahl et al. 2001; Chi-
mento et al. 2003). Models of interacting DE have been widely
explored in the literature (Wang et al. 2016).
In this work, we consider a phenomenological description of
the DE-DM interaction and use the Fisher matrix formalism to
assess the capability of baryon acoustic oscillations (BAO) and
redshift-space distortions (RSD), as observed by J-PAS, to improve
the constraints on the equation of state (EoS) of dark energy and on
the coupling constant. We also take advantage of the added power
from combining multiple tracers of large-scale structure in order to
improve the accuracy of measurements of the matter growth rate
(Abramo & Leonard 2013; Abramo et al. 2016; Marín et al. 2016;
Witzemann et al. 2018). Our results are compared with those ob-
tained for the Euclid and DESI surveys using the same methodol-
ogy.
The paper is organized as follows. Section 2 introduces the
interacting model, which we analyse in three specific cases. In Sec-
tion 3, we describe the details of the surveys considered here. Sec-
tion 4 explains how the redshift-space distortion (RSD) parameter
changes in a interacting DE model. Our Fisher matrix analysis is
presented in section 5 and section 6 contains our results, includ-
ing a comparison with forecasts from the DESI and Euclid surveys.
Section 7 is reserved for conclusions.
2 THE INTERACTING DARK ENERGYMODEL
The dark sector constitutes about 95 per cent of the energy den-
sity of the Universe. Its components, dubbed dark matter and dark
energy, do not have a definitive model yet. Besides, their energy
densities are of the same order of magnitude despite the fact they
evolve completely different in the standard ΛCDM model. Hence,
it seems natural to assume they can interact with each other. In this
case, the energy-momentum tensors T µν(λ) of each component λ are
not independently conserved anymore,
∇µT µν(λ) = Qν(λ), (1)
where Qν(λ) is the four-vector that accounts for the coupling and
satisfies the constraint
∑
λ Qν(λ) = 0.
Assuming a flat Friedmann-Lemaitre-Robertson-Walker
(FLRW) universe, the conservation equations (1) give rise to the
continuity equations (Marcondes et al. 2016; Costa et al. 2017)
ρ˙c + 3Hρc = Q,
ρ˙d + 3H (1 + w) ρd = −Q,
(2)
where H = a˙/a is the Hubble rate, Q is the coupling and ρc and
ρd are the background energy densities of DM and DE, respec-
tively. The DE EoS is given by w = Pd/ρd, where Pd is its pressure.
Throughout this work a dot represents derivative with respect to the
cosmic time t.
From the continuity equations (2), we see that a positive Q
indicates an energy transfer from DE to DM. General interactions
including a field derived from Lagrangian models have been con-
sidered in other works (Micheletti et al. 2009; Costa et al. 2015;
D’Amico et al. 2016; Landim & Abdalla 2017). However, as we
Table 1. Stability conditions on the EoS and interaction sign for the phe-
nomenological interacting DE model.
Case Constant EoS and interaction sign
Q ∝ ρd (ξc = 0)
w < −1 and ξd > 0 ; or
−1 < w < 0 and ξd < 0
Q ∝ ρc (ξd = 0) w < −1, ∀ ξc
ξd , 0 and ξc , 0 w < −1, ξd > 0, ∀ ξc
still do not know the correct theory to describe DM and DE, we
can investigate an interaction between them from phenomenologi-
cal arguments. In this work, we assume a phenomenological cou-
pling Q which, in the generic case, have contributions proportional
to the DM and DE densities
Q = 3H (ξcρc + ξdρd) , (3)
where ξc and ξd are the corresponding coupling constants.
Interacting DE models with constant EoS have already been
shown to suffer from instabilities with respect to curvature and DE
perturbations (Väliviita et al. 2008; He et al. 2009). Table 1 sum-
marizes the allowed regions for the interaction and the DE EoS
parameters as shown by He et al. (2009) and Gavela et al. (2009).
However, this is likely a problem related to the oversimplicity of
the interaction, which can be overcome in a more sophisticated La-
grangian description as in Costa et al. (2015). In fact, Yang et al.
(2018) yield a phenomenological model with an interaction depen-
dent on the DE equation of state, which is stable in the whole pa-
rameter space with an interaction parameter greater than zero. See
also Wang et al. (2016) for a review on interacting models.
3 THE DATA SET
The data considered correspond to the two-point function or, more
precisely, the power spectrum of the clustering of some type of
galaxy or quasar. J-PAS will be able to detect millions of luminous
red galaxies, emission line galaxies and quasars. Table 2 gives the
expected number densities as a function of redshift for different
tracers. In the plane-parallel (distant observer, k2 = k2‖ + k
2
⊥) ap-
proximation, the observed galaxy power spectrum is given by (Seo
& Eisenstein 2003; Wang et al. 2010)
Pg, obs =
[
DfidA (z)
DA(z)
]2
H(z)
Hfid(z)
[
σ8, g(z) + b β(z)σ8,m µ2
]2
C(k) + Pshot.
(4)
The prefactors, due to the Alcock-Paczynski effect (Alcock &
Paczyn´ski 1979), account for deviations from the fiducial Hub-
ble rate and angular diameter distance to the true cosmology ones.
σ8, g = bσ8,m, where σ8,m is the variance of the matter density field
averaged in spheres of radius 8 h−1Mpc and b is a bias between
matter and galaxy overdensities. The RSD parameter β is equal to
the matter growth rate divided by the bias, fm/b. µ = k‖/k is the
cosine of the angle between the wavevector and the line of sight,
C(k) ≡ Pm(k, z)/σ28,m(z) = P0,m(k)/σ28, 0 is the normalized true mat-
ter power spectrum and Pshot parametrizes a residual shot noise.
The galaxy overdensity is related to the matter overdensity
through a bias, δg = b(k, z) δm, which in general can be a function of
the scale and redshift. Here, we assume that the bias depends only
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Table 2. Number densities of luminous red galaxies, emission line galaxies
and quasars for J-PAS, in units of 10−5 h3 Mpc−3. The factor 10−5 in the
unit here and in the following tables is to allow a better comparison.
z LRG ELG QSO
0.3 226.6 2958.6 0.45
0.5 156.3 1181.1 1.14
0.7 68.8 502.1 1.61
0.9 12.0 138.0 2.27
1.1 0.9 41.2 2.86
1.3 0 6.7 3.60
1.5 0 0 3.60
1.7 0 0 3.21
1.9 0 0 2.86
2.1 0 0 2.55
2.3 0 0 2.27
2.5 0 0 2.03
2.7 0 0 1.81
2.9 0 0 1.61
3.1 0 0 1.43
3.3 0 0 1.28
3.5 0 0 1.14
3.7 0 0 0.91
3.9 0 0 0.72
on the redshift and is given, for each tracer, by (Ross et al. 2009;
DESI Collaboration et al. 2016)
bLRG(z) =
1.7
D(z)
, bELG(z) =
0.84
D(z)
,
bQSO(z) = 0.53 + 0.289 (1 + z)2 ,
(5)
where D(z) = exp
[
− ∫ z
0
dz′ fm/ (1 + z′)
]
is the growth factor nor-
malized to 1 today and fm = d ln δm/d ln a is the matter growth rate.
In our calculations we use weak Gaussian priors for the biases, with
variances σb = 0.5.
We also compare our results for J-PAS with the expected re-
sults from DESI and Euclid. The number densities we are assum-
ing are presented in Table 3 for the DESI survey and in Table 4
for Euclid. DESI has the same bias as those in eq. (5); on the other
hand, we use b(z) =
√
1 + z in the case of Euclid (Laureijs et al.
2011; Wang et al. 2010; Orsi et al. 2010). This choice of bias is a
good approximation to studies from semianalytic models of galaxy
formation as in Orsi et al. (2010) (see, for example, Giannantonio
et al. 2012). Although this choice is different from the one made
for J-PAS and DESI, our results are only weakly dependent on it as
we are considering information from the BAO wiggles only (Rassat
et al. 2008).
Two scenarios are considered for the J-PAS survey, a more
conservative initial expectation with a survey area of 4000 deg2 and
a possible future best case scenario with 8500 deg2. The DESI and
Euclid survey areas are estimated as 14 000 and 15 000 deg2, re-
spectively. The redshift errors are assumed to be 0.003 (1 + z) for
J-PAS and 0.001 (1 + z) for DESI and Euclid.
4 THE MODIFIED RSD PARAMETER
Measurements of β from the power spectra or peculiar velocities
are based on its correspondence with the velocity divergence θ as
established by the continuity equation. Since this equation is vio-
lated in interacting models, we must make sure to use the correct
quantity that corresponds to the velocity field when confronting our
model with observations or making forecasts for some experiment
Table 3. Number densities of luminous red galaxies, emission line galaxies
and quasars for DESI, in units of 10−5 h3 Mpc−3.
z LRG ELG QSO
0.65 49 18 2.8
0.75 49 110 2.7
0.85 29 83 2.6
0.95 10 81 2.6
1.05 2.0 51 2.6
1.15 1.0 45 2.5
1.25 0 42 2.5
1.35 0 15 2.5
1.45 0 13 2.4
1.55 0 9.0 2.4
1.65 0 3.0 2.3
1.75 0 0 2.3
1.85 0 0 2.2
Table 4. Number densities of emission line galaxies for Euclid, in units of
10−5 h3 Mpc−3.
z ELG
0.6 356
0.8 242
1.0 181
1.2 144
1.4 99
1.8 33
(see, for example, Marcondes et al. 2016; Borges & Wands 2017;
Kimura et al. 2018).
For an interacting DE model with coupling given by eq. (3),
the continuity equation for DM at first order in perturbations in the
sub-horizon limit (k  H) reads
δ′c + 3Hξd
ρd
ρc
(δc − δd) + θc = 0. (6)
In this equation, we now express, for convenience, the evolution in
terms of the conformal time τ, with the prime representing d/dτ and
H = a′/a. The total matter density is ρm = ρb + ρc and its perturba-
tion δm = (ρbδb + ρcδc) /ρm. Thus, its (conformal) time derivative
is given by
ρmδ
′
m = −3Hξcρc (δm − δc) − 3Hξdρd (δm − δd) − (ρbθb + ρcθc),
(7)
where the continuity equations for baryons and DM have been used.
This expression can be rewritten as
H
[
d ln δm
d ln a
+ 3ξc
ρc
ρm
(
1 − δc
δm
)
+ 3ξd
ρd
ρm
(
1 − δd
δm
)]
δm +
+
ρbθb + ρcθc
ρm
= 0. (8)
We can now recognize the term (ρbθb + ρcθc) /ρm as θm, as
usual, and express the continuity equation corrected for the interac-
tion
H f˜mδm + θm = 0, (9)
where
f˜m ≡ d ln δmd ln a + 3
(
ξcρc + ξdρd
ρm
− ξcρcδc + ξdρdδd
ρmδm
)
(10)
is the growth rate for the interacting model minus the effects of in-
teraction (to make the continuity equation compatible with redshift-
space distortion measurements). This represents contributions from
MNRAS 000, 1–11 (2019)
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two averages of the two coupling constants ξc and ξd; one is
weighted by the background densities of DE and DM, the other,
with opposite sign, weighted by the perturbation to the densities.
Keeping the assumption that galaxies trace the matter field ac-
cording to δg = b δm and θg = θm = θ, the galaxy continuity equa-
tion is now
H β˜ δg + θ = 0, (11)
where β˜ ≡ f˜m/b is the quantity that must replace β in eq. (4) for the
interacting model.
5 THE FISHER MATRIX FORMALISM
The Fisher matrix for the parameters ϑi of a modelM is defined as
the ensemble average of the Hessian matrix of the log likelihood.
Assuming Gaussian fields with zero mean and covariance C, the
Fisher matrix is given by
Fi j ≡
〈
− ∂ lnL
∂ϑi ∂ϑ j
〉
=
1
2
Tr
[
C−1
∂C
∂ϑi
C−1
∂C
∂ϑ j
]
. (12)
For the case of a galaxy power spectrum, the Fisher matrix compo-
nents for a single tracer results in
Fg, i j =
1
2
∫
d3k
(2pi)3
Vg, eff
∂ ln Pg, obs
∂ϑi
∂ ln Pg, obs
∂ϑ j
. (13)
The effective volume is defined as (Feldman et al. 1994; Tegmark
1997)
Vg, eff(k) =
∫
V
d3x
[
ng(z)Pg(k, z)
1 + ng(z)Pg(k, z)
]2
, (14)
where ng(z) is the number density of galaxies and Pg(k, z) is the
galaxy power spectrum given by eq. (4). However, in practice
the information that can be extracted from photometric surveys is
limited both by the photometric redshift accuracy and the mode-
mixing that takes place due to non-linear structure formation, and
for these reasons we redefine the effective volume as
Vg, eff →
∫
V
d3x
[
ng(z)Pg(k, z)
1 + ng(z)Pg(k, z)
]2
e−2µ
2δ2z k
2
(
1+z
H(z)
)2
e−k
2Σ2⊥−k2 µˆ2
(
Σ2‖−Σ2⊥
)
.
(15)
The first exponential factor in eq. (15) comes from assuming
Gaussian errors for the photometric redshifts, with variance σz =
δz (1 + z). The second exponential factor yields a cut-off to avoid
non-linear scales (Takada et al. 2014), where Σ‖ = crecD(z) Σ0 and
Σ⊥ = crecD(z) (1 + f ) Σ0. The constant crec is introduced to model
the reconstruction method of the baryon acoustic oscillation (BAO)
peaks. Without reconstruction, crec = 1, which is the value we
assume in this paper. D(z) is the growth function normalized as
D(z = 0) = 1 and we use Σ0 = 11 h−1 Mpc.
The Fisher matrix given by eqs. (13) and (15) allows us to
define the Fisher information density per unit of phase space vol-
ume (2pi)−3 d3x d3k as (aside from the phenomenological exponen-
tial factors)
Φ =
1
2
[
ng(z)Pg(k, z)
1 + ng(z)Pg(k, z)
]2
. (16)
For surveys which are able to combine multiple tracers of large-
scale structure, the Fisher information density can be generalized
to (Abramo & Leonard 2013)
Φαβ(x, k) =
1
4
[
δαβUαX + UαUβ (1 − X)
]
, (17)
where α, β = 1, . . . ,N are the different types of galaxies, Xα =
nαPα(k, z) such that X =
∑
α Xα, and Uα = Xα/(1 + X). Hence, the
Fisher matrix can be generalized for a multi-tracer analysis as
Fi j =
N∑
α, β=1
∫
d3x d3k
(2pi)3
∂ ln Xα
∂ϑi
Φαβ
∂ ln Xβ
∂ϑ j
e−µ
2δ2z, αk
2
( 1+z
H(z)
)2
e−µ
2δ2z, βk
2
( 1+z
H(z)
)2
× exp
[
−k2Σ2⊥ − k2µˆ2(Σ2‖ − Σ2⊥)
]
. (18)
Using this expression we can properly take into account multiple
tracers in our analysis. For instance, we can combine the expected
results from LRG, ELG and QSO, all together.
Another important result is that we can transform a Fisher ma-
trix defined in terms of a set of Nϑ parameters, {ϑi}, into a set of Nϕ
parameters, {ϕα}, as long as Nϕ 6 Nϑ. The Fisher matrix transfor-
mation is defined by
Fαβ =
Nϑ∑
i, j
∂ϑi
∂ϕα
Fi j
∂ϑ j
∂ϕβ
. (19)
In our analysis, we begin with a set of parameters
ϑi =
{
lnH(z), lnDA(z), fs(z), σ8, g(z), Pshot,Ωbh2,Ωch2, h, ns
}
, where
fs(z) = f˜m(z)σ8,m(z). Note that some parameters are local, i.e. they
assume different values at each redshift bin, while others are global.
For a multi-species analysis, each tracer has its own bias and,
hence, different values of σ8, g. Later, we marginalize over all those
parameters except lnH(z), lnDA(z) and fs(z), which carry all the
information about BAO and RSD. Finally, we project from those
parameters to our final set of cosmological parameters, which are
given here by Ωd, w, ξc and ξd.
Our fiducial cosmology is a flat ΛCDM model with a phys-
ical baryon density Ωbh2 = 0.0226, cold dark matter density
Ωch2 = 0.121, and neutrino density parameter, Ωνh2 = 0.000 64
(assuming only one massive neutrino). The reduced Hubble con-
stant is h = 0.68 (with a prior σh = 0.1), DE equation of state
w = −1, amplitude parameter As = 2.1 × 10−9 and scalar spectral
index ns = 0.96. Planck priors are used to calibrate the BAO scale
only.
Our Fisher code receives as input background and perturbed
quantities such as the Hubble rate and the linear matter power spec-
trum, which were calculated using a modified version of the CAMB
code (Lewis et al. 2000; Costa 2014; Costa et al. 2014) that takes
into account the necessary modifications for an interacting dark en-
ergy model.
6 RESULTS
We now present the expected constraints on the parameters, as well
as the two-parameter joint constraints for the different cases of our
interacting model. Two scenarios are considered: one using infor-
mation from H(z) and DA(z) only, and the other adding informa-
tion from fs(z) besides H(z) and DA(z). The two cases are labelled
“without RSD” and “with RSD” and, in both, we run our analy-
sis for the two J-PAS survey areas described in section 3. We are
also conservative regarding the number density of quasars, taking
90 per cent of the densities predicted in previous work (Abramo
et al. 2012), and the ability to recover quasi-non-linear scales (re-
construction), which means that if we achieve successful recon-
struction with J-PAS, then the constraints from the actual data could
be further improved.
Note that we are more concerned here with the marginalized
uncertainties on the parameters, under the assumption that they
MNRAS 000, 1–11 (2019)
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Tracers: Quasars LRG ELG Multi-tracer
Figure 1. Predicted uncertainties on H(z), DA(z) and f ∗s (z) ≡ fs(z)/σfid8,m(z) from LRG, ELG, QSO and the three tracers combined, considering the survey areas
of 4000 and 8500 deg2. We also show the effect, on those functions, of an interaction strength of magnitude 0.05 in the cases Q ∝ ρd and Q ∝ ρc.
should not vary considerably over the parameter space, i.e., they
are not strongly dependent on the choice of fiducial parameters. In
fact, one should note that these results do not include any prior in-
formation about the allowed region for Ωd, w and ξi, which will
certainly not be true in the actual data analysis when we will have
to restrict the parameters to the stability regions listed in Table 1.
The uncertainties on H(z), DA(z) and fs(z) are shown in Fig. 1
together with the effect of the interaction on these functions. We
can see that an interacting dark energy induces deviations from our
fiducial cosmology. This effect is stronger for higher redshifts in
H(z), DA(z) and fs(z) with Q ∝ ρd. Thus, quasars at high redshifts
are expected to produce competitive constraints on the interaction
in our models.
Before we discuss our results, we would like to emphasize
that when the interaction is proportional to the DE density, we have
two distinct regions of stability. One is characterized by the DE
equation of state in the phantom regime w < −1, in which case the
interaction must be positive, and the other quintessence-like case
−1 < w < 0, for which Q must be negative. In the Fisher matrix
analysis we perform here, there is no need to make explicit those
two regions separately. The results are consistent with one another
and, hence, we will not make such distinction hereafter. The reader,
however, must be aware of the stable regions acoording to Table 1.
For all the results below we use conservative Gaussian priors on the
uncertainties of Ωd, w and ξ, with variances σΩd = 1, σw = 3 and
σξ = 1.
The marginalized constraints for the case Q ∝ ρd are shown
in Tables 5 (without RSD) and 6 (with RSD). We present the re-
sults for two J-PAS areas, together with the expected results for
DESI and Euclid. We observe that, when information from RSD is
not considered, our three parameters of interest are very degener-
ate. The constraints are dominated by our priors on Ωd, w and ξd.
None of the tracers nor any survey was able to break this degener-
acy and produce significant constraints. However, the inclusion of
RSD introduces new information that alleviates the degeneracy. In
this case, the prior uncertainties are not important and we obtain
MNRAS 000, 1–11 (2019)
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Table 5. Marginalized uncertainties for the three surveys, without RSD, for
the case where the interacting coupling term is proportional to dark energy
density, Q ∝ ρd . The parameters we are concerned, Ωd , w and ξd are obe-
served to be very degenerated. The results are dominated by our priors.
Uncertainty LRG ELG QSO Multi-tracer
J-PAS
(4000 deg2)
σΩd 0.552 0.547 0.546 0.546
σw 0.856 0.813 0.811 0.798
σξd 0.800 0.796 0.795 0.795
J-PAS
(8500 deg2)
σΩd 0.549 0.547 0.546 0.546
σw 0.824 0.803 0.803 0.796
σξd 0.797 0.796 0.795 0.795
DESI
σΩd 0.547 0.546 0.546 0.546
σw 0.809 0.797 0.813 0.796
σξd 0.796 0.795 0.795 0.795
Euclid
σΩd 0.546
σw 0.795
σξd 0.795
Table 6. Marginalized uncertainties for the three surveys, with RSD, for
the case where the interacting coupling term is proportional to dark energy
density, Q ∝ ρd . The inclusion of RSD information breaks the strong de-
generacy presented before.
Uncertainty LRG ELG QSO Multi-tracer
J-PAS
(4000 deg2)
σΩd 0.064 0.030 0.024 0.011
σw 0.251 0.114 0.157 0.058
σξd 0.080 0.025 0.030 0.016
J-PAS
(8500 deg2)
σΩd 0.044 0.021 0.016 0.008
σw 0.173 0.078 0.108 0.040
σξd 0.055 0.017 0.021 0.011
DESI
σΩd 0.032 0.013 0.026 0.010
σw 0.145 0.058 0.162 0.047
σξd 0.041 0.009 0.026 0.008
Euclid
σΩd 0.006
σw 0.028
σξd 0.004
constraints of a few per cent as observed in Table 6. This can be
compared with a similar analysis made in Santos et al. (2017) for
an Euclid-like survey. We can see that our constraints for the DE
equation of state and the interaction parameter are comparable to
those found in their Tables III and IV. Comparing the multi-tracer
analysis for the three surveys (actually we are not using multi-tracer
for Euclid, only ELG), we see that J-PAS can produce slightly bet-
ter constraints than DESI for the dark energy density parameter
and the equation of state. This is associated with the expected val-
ues for QSO, which are denser and reach higher redshifts in J-PAS.
The joint constraints for Ωd, w and ξd are shown in Fig. 2 for the
two areas and for the different tracers with J-PAS.
The same is done for the case Q ∝ ρc, presented in Tables 7
(without RSD) and 8 (with RSD) and in Fig. 3. In this case, the
resulting parameters are not as degenerate as in the previous case.
The constraints on H(z) and DA(z) can provide significant informa-
tion and our prior is not as dominant as before. For instance, in the
multi-tracer analysis, the prior uncertainties only alter our results
at ∼ 2 per cent for J-PAS 4000 deg2 and at ∼ 1 per cent for J-PAS
8500 deg2. Table 7 shows us that J-PAS can put better constraints
than DESI and Euclid when we only consider BAO information
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Figure 2. Case Q ∝ ρd (ξ ≡ ξd). The ellipses represent the 68 per cent
uncertainty around the fiducial ΛCDM model. The thin and thick lines cor-
respond to results considering the survey areas of 4000 and 8500 deg2, re-
spectively. The red contours are for LRG, green for ELG, blue for QSO,
and black for the Multi-tracer analysis, all with RSD.
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Table 7. Marginalized uncertainties for the three surveys, without RSD, for
the case where the interacting coupling term is proportional to dark matter
density, Q ∝ ρc. J-PAS (8500 deg2) can put better constraints than DESI
and Euclid in the multi-tracer analysis.
Uncertainty LRG ELG QSO Multi-tracer
J-PAS
(4000 deg2)
σΩd 0.453 0.418 0.218 0.115
σw 0.844 0.788 0.621 0.273
σξc 0.830 0.712 0.230 0.135
J-PAS
(8500 deg2)
σΩd 0.435 0.367 0.156 0.080
σw 0.788 0.687 0.443 0.189
σξc 0.804 0.626 0.164 0.094
DESI
σΩd 0.419 0.215 0.361 0.144
σw 0.775 0.436 0.807 0.292
σξc 0.746 0.333 0.500 0.220
Euclid
σΩd 0.096
σw 0.209
σξc 0.134
Table 8. Marginalized uncertainties for the three surveys, with RSD, for
the case where the interacting coupling term is proportional to dark matter
density, Q ∝ ρc.
Uncertainty LRG ELG QSO Multi-tracer
J-PAS
(4000 deg2)
σΩd 0.174 0.064 0.083 0.030
σw 0.379 0.161 0.308 0.074
σξc 0.228 0.082 0.074 0.037
J-PAS
(8500 deg2)
σΩd 0.123 0.044 0.058 0.021
σw 0.267 0.111 0.213 0.051
σξc 0.161 0.056 0.051 0.026
DESI
σΩd 0.122 0.030 0.076 0.025
σw 0.284 0.086 0.243 0.071
σξc 0.146 0.030 0.076 0.026
Euclid
σΩd 0.012
σw 0.039
σξc 0.013
in this model. Again, the constraints from LRG, ELG and QSO
indicate that QSO are playing the role in this leadership here. In-
cluding information from RSD can improve the results even more.
However, the constraints in this case are not as sensitive to RSD as
when Q ∝ ρd, as could be expected from Fig. 1. J-PAS still pro-
vides better results than DESI with RSD information, but Euclid
gives an uncertainty on the coupling constant twice as better. Also,
in this case, we can compare our results with Santos et al. (2017).
This time, our constraints in Table 8 are weaker than those found
by them in their Table V. In fact, their constraint for the interaction
parameter is three times stronger than ours. However, this must be
related with some differences between our analysis, as some de-
pendence with the fiducial values. In any case, we have obtained a
more conservative result.
For the last case considered, Q ∝ ρd + ρc, we give the results
for the marginalized constraints in Tables 9 (without RSD) and 10
(with RSD). As one could expect, in this scenario we see charac-
teristics combined from both previous cases. The measurements of
H(z) and DA(z) give significant information, especially at high red-
shifts, as in Q ∝ ρc. The constraints are also very sensitive to RSD
as in Q ∝ ρd.
Using information from BAO and RSD, we compare the ex-
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Figure 3. Case Q ∝ ρc (ξ ≡ ξc). The ellipses represent the 68 per cent
uncertainty around the fiducial ΛCDM model. The thin and thick lines cor-
respond to results considering the survey areas 4000 and 8500 deg2, respec-
tively. The red contours are for LRG, green for ELG, blue for QSO, and
black for the Multi-tracer analysis, all with RSD.
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Table 9. Marginalized uncertainties for the three surveys, without RSD, for
the case where the interacting coupling term is proportional to the sum of
the dark sector energy densities, Q ∝ ρc + ρd (ξc = ξd ≡ ξ).
Uncertainty LRG ELG QSO Multi-tracer
J-PAS
(4000 deg2)
σΩd 0.708 0.670 0.354 0.204
σw 1.146 1.103 0.795 0.396
σξ 0.585 0.528 0.217 0.133
J-PAS
(8500 deg2)
σΩd 0.697 0.623 0.260 0.143
σw 1.117 1.022 0.583 0.277
σξ 0.573 0.490 0.159 0.093
DESI
σΩd 0.679 0.406 0.578 0.284
σw 1.104 0.701 1.069 0.490
σξ 0.546 0.305 0.412 0.212
Euclid
σΩd 0.185
σw 0.336
σξ 0.132
Table 10. Marginalized uncertainties for the three surveys, with RSD, for
the case where the interacting coupling term is proportional to the sum of
the dark sector energy densities, Q ∝ ρc + ρd (ξc = ξd ≡ ξ).
Uncertainty LRG ELG QSO Multi-tracer
J-PAS
(4000 deg2)
σΩd 0.051 0.030 0.058 0.019
σw 0.178 0.094 0.141 0.041
σξ 0.110 0.035 0.041 0.019
J-PAS
(8500 deg2)
σΩd 0.035 0.021 0.040 0.013
σw 0.123 0.065 0.097 0.028
σξ 0.076 0.024 0.028 0.013
DESI
σΩd 0.024 0.012 0.034 0.011
σw 0.093 0.048 0.127 0.038
σξ 0.054 0.013 0.036 0.011
Euclid
σΩd 0.008
σw 0.025
σξ 0.006
pected confidence regions of J-PAS (8500 deg2), DESI and Euclid,
all with multiple tracers except Euclid, which has only one kind of
tracer. The results for the cases Q ∝ ρd and Q ∝ ρc are presented
in Figs. 4 and 5. Even though Euclid has only one kind of tracer,
it shows the best constraints in those figures. This is related to its
large survey area, high galaxy number densities and small redshift
errors. On the other hand, although DESI covers a larger area in the
sky and has a smaller redshift error than J-PAS, their constraints are
comparable because of the larger redshift range of J-PAS.
It is important to notice that, in our analysis, we are not consid-
ering the Bright Galaxy Survey (BGS) sample at low redshift from
DESI Collaboration et al. (2016)1. As a simple flux-limited sample
of galaxies, it will consist of different types of galaxies. Thus, one
of the reasons to avoid this sample in our analysis is how to prop-
erly take it into account in our multi-tracer analysis. On the other
hand, the basic strategy for galaxy clustering with Euclid does not
possess low redshift measurements (Laureijs et al. 2011), although,
it is possible to add low redshift data from other survey, such as
the Sloan Digital Sky Survey (SDSS, Blanton et al. 2017). There-
1 We thank Prof. Daniel Eisenstein to call our attention for that fact in a
private communication.
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Figure 4. Comparison of the 68 per cent uncertainties around the fiducial
ΛCDM model for the J-PAS (8500 deg2), Euclid and DESI surveys includ-
ing information from BAO and RSD in a multi-tracer analysis. Case Q ∝ ρd
(ξ ≡ ξd).
MNRAS 000, 1–11 (2019)
J-PAS forecasts on interacting dark energy 9
0.660 0.675 0.690 0.705 0.720
d
1.10
1.05
1.00
0.95
0.90
w
J-PAS (8500 deg2)
DESI
Euclid
1.08 1.04 1.00 0.96 0.92
w
0.04
0.03
0.02
0.01
0.00
0.01
0.02
0.03
0.04
c
0.660 0.675 0.690 0.705 0.720
d
0.04
0.03
0.02
0.01
0.00
0.01
0.02
0.03
0.04
c
Figure 5. Comparison of the 68 per cent uncertainties around the fiducial
ΛCDM model for the J-PAS (8500 deg2), Euclid and DESI surveys includ-
ing information from BAO and RSD in a multi-tracer analysis. Case Q ∝ ρc
(ξ ≡ ξc).
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Figure 6. Constraint on ξd as a function of the redshift z under the different
survey configurations, case Q ∝ ρd (ξ ≡ ξd).
fore, including those low redshift data for DESI and Euclid would
improve the constraints found for them in this paper.
Finally, we see that the results for our interacting DE model
are very sensitive to the use of redshift-space distortions. This is
certainly true for an interaction proportional to the DE density,
where loose constraints dominated by our priors tighten consider-
ably when we include RSD, but also in the other cases, in which the
constraints can improve by a factor of 10 in some scenarios. This
was also clear in previous publications (Murgia et al. 2016; Costa
et al. 2017; Li et al. 2018). We note that high redshift measurements
tend to place better constraints, as the interaction yields stronger de-
viations from the standard model at those redshifts. Figs. 6, 7 and
8 summarize the interaction constraints as a function of the red-
shift, for the cases Q ∝ ρd, Q ∝ ρc and Q ∝ ρc + ρd, respectively.
However, combining different tracers at various redshifts in a multi-
tracer analysis have produced the best scenario. On the other hand,
increasing the J-PAS survey area from 4000 to 8500 deg2 induces a
relative difference on the constraints of about 40 per cent.
7 CONCLUSIONS
In this work, we use information from baryon acoustic oscillations
and redshift-space distortions to estimate the constraining power
of the J-PAS survey for parameters of an interacting dark energy
model. The analysis is done using the Fisher matrix formalism and
Planck priors were only used to calibrate the BAO scale.
Employing the whole galaxy power spectrum, we marginal-
ize over several cosmological parameters ending up with three lo-
cal parameters, lnH(z), lnDA(z) and fs(z), which basically carry
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Figure 7. Constraint on ξc as a function of the redshfit z under the different
survey configurations, case Q ∝ ρc (ξ ≡ ξc).
information about the BAO scale and RSD. Then, we project the
expected constraints on those parameters on constraints over our
interacting dark energy model, which is described by the dark en-
ergy density fraction Ωd, the equation of state w, and the interaction
parameter ξc or ξd.
We consider the effect of different tracers (i.e LRG, ELG and
QSO) of the underlying matter distribution on the constraints and,
also, a multi-tracer analysis. The impact of the survey area is also
take into account and the results are compared with those from
DESI and Euclid.
We find that, with J-PAS data in the near future, we shall be
able to determine the interaction parameter with a maximum pre-
cision of σξc ∼ 0.02 when the interaction term is proportional to
the DM energy density and of σξd ∼ 0.01 when the interaction is
proportional to the DE density. These numbers are similar to the
constraints predicted by DESI. For the constant equation of state of
dark energy, the best predicted constraints from J-PAS are slightly
better than those from DESI in both interacting cases: σw about
0.04–0.05 against 0.05–0.07 around the fiducial value w = −1. In
terms of constraining power and in the context of our interacting
model, both surveys are behind Euclid but get close to it, project-
ing comparable constraints on the relevant parameters in all specific
cases considered.
Finally, we would like to enphasize some limitations and pos-
sible extensions of this work:
• As it is well known, the Fisher matrix formalism provides the
best case scenario for a forecast. A natural extension should prop-
erly explore the space of parameters as in a Monte Carlo approach.
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Figure 8. Constraint on ξ as a function of the redshift z under the different
survey configurations, case Q ∝ ρc + ρd (ξc = ξd ≡ ξ).
In this case, the unstable regions presented in Table 1 would be
avoided by some priors.
• Also two aspects that could impair the J-PAS constraints in
comparison to DESI and Euclid are a more realistic photo-z error
distribution (with longer tails and more outliers than a Gaussian
distribution) and the contamination of our galaxy sample by stars
(and by tracers of a different type). This will become clearer in the
next months with ongoing J-PAS proof-of-concept tests.
• We have only taken into account contributions from BAO and
RSD. However, J-PAS is able to do more. A more complete analysis
could combine information from supernovae type Ia, weak lensing
and galaxy clusters.
• At z ≥ 2, J-PAS will be able to detect a significant population
of Lyman α Emmiters (LAEs) (more numerous than QSOs) that
is not taken into account in this analysis. This could significantly
enhance the importance of high-z constraints.
• The likelihood function for every survey will depend strongly
on the range of scales that is used to measure P(k). This is espe-
cially important for RSD analysis. Also, the assembly bias, the de-
scription of non-linear density and velocity field regimes, and the
impact of galaxy formation in general could make the modeling of
RSDs significantly more challenging, e.g. Orsi & Angulo (2018).
This could either bias the constraints, or dramatically weaken the
contribution of RSDs to the overall constraints.
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